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EFFECTS OF MORPHINE ON CORTICAL ELECTRICAL
ACTIVITY OF THE RAT*
RAYMOND L. CAHEN AND ABRAHAM WIKLER
Aside from the work of Amsler,1 there is little experimental
evidence to show that morphine has a direct depressant action on the
cerebral cortex. With reservations, the EEG may be used to indi-
cate whether or not a drug acts on this structure. However, since
the electrical activity of the cortex is intimately related to that of
the thalamus,12 the striatum,2 and the hypothalamus,25 changes in
the EEG do not necessarily indicate that the drug has a direct cortical
action. Nevertheless, some information may be gained by compar-
ing the effects of morphine on the electrical activity of the cortex
with those of other drugs such as the barbiturates, concerning the
sites of action of which more facts are known. In the experiments
reported here, the action of morphine is compared to that of
pentobarbital.
The effects of morphine on the EEG have thus far been studied
chiefly in man; however, the observations are few and the results
somewhat discordant. Usingscopolamine-morphine subcutaneously,
Berger observed5'
5 in two subjects, a decrease in amplitude and dis-
appearance of waves; on the other hand, after intravenous injection
of morphine Gibbs, Gibbs, and Lennox17' 21 noted flatter waves with
bursts of high potentials of 10 per second frequency. Gibbs and
Maltby"8 found a shift in frequency to the slow side comparable to
that occurring in sleep. Andrews2' I observed a sleep pattern in one
case although the subject was awake, and in two others he noted no
appreciable effect on the cortical potentials except for a questionable
increase in the blocking time of the alpha rhythm.
In studying the effects of morphine on the EEG for the purpose
of gaining information concerning the action of a drug, animal
experimentation affords certain advantages over human observation
because the former permits thestudy ofthe effects ofdoses ofvarious
sizes, and more latitude in varying experimental procedures for the
purpose of evaluating the effects of combinations of drugs and
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anoxia. Reports of such animal experiments have been few and
inconsistent. Changes (details not given) were noted in the EEG
after administration of morphine to rabbits7 14 and to dogs and cats."4
The rat was selected for this study since its reactions to morphine
are well known and uniform.'0' 13 19 However, one drawback in the
use of this animal is its extreme restlessness which renders it difficult
to obtain control pre-injection records. To obviate this difficulty,
a holder modeled after the Horsley-Clarke apparatus (as modified
for the rat by Dr. J. Brobeck) was constructed to immobilize the
animal (Fig. 1). While the record of cortical electrical activity
thus obtained was not a "normal" one, it at least is closer to an
ideal approximation than one obtainable after the animal has been
anesthetized. Furthermore, by this method, one can study the
effects of morphine alone without complicating the results by intro-
ducing another drug.
Methods
Twenty-one adult white rats, weighing from 150 to 300 grams, were
used. Some were prepared under ether anesthesia and while anesthetized,
were placed in the holder. The extremities were tied to the base of the
holder by ligatures. The scalp was cut away, the calvarium exposed, and
two drill holes were made extending down to the dura 5 mm. to either side
of the midline in the region of the central sulcus. Brain potentials were led
off from the dura by two shielded chlorided silver wires and recorded by a
3-channel capacity-coupled Grass ink-writing amplifier in push-pull arrange-
ment. Records were taken after full recovery from the anesthesia and after
injection of morphine sulfate and other drugs. In a few experiments the
trachea was cannulated in order to allow artificial respiration.
Results
Small doses of morphine (under 20 mg. per kg.) had little effect
on the electrical activity of the cortex, although sedation was dearly
evident. With larger doses (20 to 50 mg. per kg.) the sequence
of events was as shown in Fig. 2, A-E. The first change consisted
of an increase in amplitude combined with the appearance of 3 per
second waves of large amplitude. A little later, the picture was
modified by the appearance of periodic bursts of 12 per second waves
of very large amplitude. Subsequently, the amplitude diminished
somewhat but the periodic "bursts" continued. Further injections
of morphine (20 mg. per kg.) showed only some decrease in ampli-
tude, while the frequencies remained relatively unchanged. No
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further changes in pattern were seen unless the animal was given
very large doses (200 mg. per kg.) which caused respiratory depres-
sion and anoxia. In this case, as in experimental anoxia,", 15 26 the
cortical potentials may be abolished but can be restored by artificial
respiration. Similar effects are obtained with smaller doses of mor-
phine if the animal was also given a barbiturate (Fig. 2F, Fig. 4).
For purposes of comparison, a typical experiment with pento-
barbital alone is shown (Fig. 3). Like morphine, small doses have
little effect on the EEG although sedation is marked. Moderate
doses produce periodic bursts of 20 per second waves of moderate
amplitude although these are not nearly so prominent as after mor-
phine. Larger doses cause decrease in amplitude but little change
in frequency, whereasvery large doses obliterate the cortical rhythm.
Astriking phenomenon is the appearance of irregular "spike" poten-
tials during deep barbiturate anesthesia.
Discussion
The changes produced by morphine on the electrical activity of
the cortex do not appear to be specific in any way. Sedative doses
(20 mg. per kg.) produce only small changes. With larger doses,
the alterations are strikingly similar to those seen in various stages
of sleep in man.", 16, 22 The non-specificity of the effects of mor-
phine on the EEG is further illustrated by the absence of any signifi-
cant effect of subconvulsive doses of morphine in the cat2" which is
not put to sleep by morphine. However, the rat, at least in the
earliest stages coincident with the appearance of prominent "burst
activity," was not asleep since it had to be retained in the holder
to obtain satisfactory records. Such "sleep waves" without actual
sleep were noted by Andrews2 in one of three human subjects after
morphine. Recently Gibbs and Maltby"8 also reported "sleep
waves" after injection of small doses of morphine. Accentuation
of "burst activity" similar to that described above was noted by
Morison and Dempsey23 in cats anesthetized with pentobarbital.
However, an important difference between the actions of pento-
barbital and morphine is that large doses of the former finally abol-
ished the cortical rhythm while this did not occur with large doses
of morphine unless respiratory depression supervened. Finally, it
should be emphasized that the effects of morphine on the electrical
activity of the cortex can be studied only with caution in animals
anesthetized with barbiturates, since the drugs appear to produce
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depressant effects which are far greater than those caused by either
drug alone.
Bremer' has emphasized the similarity of the EEG pattern dur-
ingbarbiturate narcosis to that occurring in natural sleep. According
to this author,8 the specific action of barbiturates is like that which
appears after mesencephalic transection of the brain, a procedure
equivalent to deafferentation of the telencephalon. Such similarities
have also been noted after transection of the spinal cord.4 This
concept seems to fit in with the evidence recently presented by
Morison, Finley, and Lothrop,4 indicating that "burst activity" is
associated with activity in the intralaminar thalamic nuclei, whereas
other components ofthe EEG, more continuous in nature, are related
to activity in the posteroventral "relay" nuclei ofthe thalamus. The
latter type of activity is suppressed in the cat by moderate doses of
pentobarbital and the resulting electroencephalographic pattern
resembles that obtained by us with morphine in the rat. However,
although such an explanation does not conflict with what is known
concerning the action of morphine on the nervous system, further
studies are needed to elucidate the effects of morphine on the trans-
mission of sensory impulses in the ascending pathways of the central
nervous system.
Summary and conclusions
1. Small sedative doses of morphine (less than 20 mg. per kg.)
have little or no effect on the cortical electrical activity of the
unanesthetized rat. After injection of moderately large doses of
morphine (20 to 50 mg. per kg.) increase in amplitude and decrease
in frequency appear early. Somewhat later, periodic "bursts" of 10
to 12 per second waves of high amplitude appear and persist for
several hours.
2. These effects are similar to those produced by moderate
doses of barbiturates in man and in animals, and the EEG pattern
resembles that seen during natural sleep in man.
3. Large doses of morphine (200 mg. per kg.) or smaller doses
(40 to 100 mg. per kg.) combined with moderate doses of a bar-
biturate (9 to 30 mg. per kg.) decrease the amplitude and finally
abolish the cortical electrical activity because of marked respiratory
depression with resulting anoxia. If anoxia is prevented by artificial
respiration, cortical electrical activity returns.
4. The changes produced by morphine in the electrical activity
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of the cortex of the rat are not specific for this drug and appear to
be produced by mechanisms similar to those operating during light
or moderate barbiturate narcosis.
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FIG. 2A. Rat No. 1 5. Control EE..G. rccordcd fromii dural leads 5 mm. to
each side of the sagittal in an unanesthetized rat. Bipolar push-pull (5 M2).
Paper spccd 3 cm. per second.
FIG. 2B. Five minutes after intraperitoneal injection of morphine sulfate
20 mg. per kg.
F'ig. 2C. Scentecn minutes after injection.
Fi. 21). Sixty miiiutes after inijection (6 M2).
Fi; 2E T'cn mnintites after injcction of a seconid dose of mor-phine sulfate
20 mgi--. per kg. (I 50 miuLtei after fli-st dose). (7 M2).
FI;. 2F. '1iiree loiniutes al'ter iltrape-itoncal inijectoini of pen1tOnharb-tail 9 iin.
pcr kg. (20 miinutes after Fig. 2C).A 50)J I
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FiG. 3A. Rat No. 17. Control E.F.G. Leads as in Fig. 2. (5 M2).
h'IG. 3B. Fivc iiiinutes aftcr intraperitoneal injectioln of pentobarbital 30 mg.
per kg.
FIG. 3C. Fiv7e minutcs after seconid dose of pentobarbital 9 mg. per kg. (46
inutes after first dose).
FIG. 3D. Three miniutes after third injection of pentobarbital 9 mg. per kg.
(34 minutes after second dose).
FIG. 3E. Seventeen minutes after Fig. 3D.
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FIG. 4A. Rat No. 13. Cointrol E.E.G. Leads as in Fig. 2. (5 M\2). Five
iiinutes after intrapcritoneal injection of pentobarbital 30 im-g. per kQg.
FiGc. 4-B. FiN-c miiliutes alfter intraperitoneal injectoion of imorphine ( 100 mg.
per kg.).
Fig. 4C. Marked respiratorv depressioli. Abolition of cortical electrical
. . ~ ~ c
activity.
Fic. 41). Arti0icial respiration. Reappearance of cortical rhythmlls.